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An approach combining microstructural and optical modeling
based on atomistic simulation results is proposed, in order to
assess the performance of Nd:YAG laser ceramics resulting
from luminescence and transparency changes as a function of
grain size and dopant concentration. It is found that while small
grain sizes enhance transparency, luminescence is reduced, re-
sulting in a trade-off to achieve optimum laser performance.
These effects are linked to ceramic production by considering
different sintering routes. This improved insight into the micro-
structural effects of Nd:YAG ceramics on laser performance
will allow a more targeted experimental optimization of this new
class of laser materials.
I. Introduction
IN recent years, much research
1–8 has been dedicated to replace
the single crystal usually found in Nd:YAG lasers by a ce-
ramic made of the same material. The ceramic would have the
advantage to be cheaper to produce and to accommodate higher
Nd concentrations8 than those possible in single crystals.7,9 Sur-
prisingly, although grain boundaries and other defects, are pres-
ent ceramics usually exhibit a better optical homogeneity than
single crystals,10 as important crystal structure defects exist in
single crystals grown from the melt.8 The main challenge in the
production of a Nd:YAG laser ceramic is to obtain similar or
even better laser performance than conventional single-crystal
lasers. Therefore, many advanced ceramic processing techniques
have been explored to produce laser ceramics,1,8 leading to
promising results. Recent attempts11–13 have also been made
at using nano-sized ceramics, which promise a higher transpar-
ency than ceramics with a larger grain size. These small-grained
ceramics with a given grain size and dopant composition are,
however, extremely difficult to produce and it is as of yet un-
known if they will have the desired properties. Therefore, a the-
oretical assessment of the laser performance as a function of
grain size and dopant concentration would be highly desirable in
order to optimize the ceramic composition and microstructure
in a more targeted, economic way, ultimately leading to better
Nd:YAG laser ceramics.
The present work develops a new microstructural model
based on atomistic simulation data previously published,14,15
which will be used together with a modified version of an exist-
ing optical model for ceramics.16 Laser performance strongly
depends on transparency and luminescence of the material used.
The models will be used to predict these properties of a
Nd:YAG laser ceramic as a function of both the grain size
and dopant concentration. Moreover, the model will allow in-
sights into the optimal synthesis procedure for these ceramics.
II. Models
(1) Microstructural Model
The requirement for the microstructural model is to give a de-
scription of the surface/interface area and the particle/grain vol-
ume for a given particle/grain size. The total surface/interface
area is, as described in the following, segmented into contribu-
tions associated with the different calculated crystallographic
surfaces or interfaces, which allows the calculation of segrega-
tion properties within a particle or microstructure.
For a powder particle, the classic Wulff construction17 is a
logical choice for the segmentation as it describes the equilib-
rium morphology of the particle, and thus its volume and sur-
face area for a given particle size. In this model, we assume the
particle size to be the diameter of the smallest sphere containing
the Wulff morphology. Wulff morphologies have been calcu-
lated using the GEM module within the METADISE18 code.
A model microstructure is best described by an arrangement
of space filling polyhedrons. For the present study, a space-fill-
ing rhombic dodecahedron has been chosen, the volume and
surface area of which are given by
V ¼ 16
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In these equations, a is the side length of one of the rhombic
elements of the dodecahedron. The grain size is again taken as
the diameter of the smallest enclosing sphere, being 2a.
The results of an atomistic simulation study previously pub-
lished by our group14,15 give surface energies for multiple ter-
minations of the morphology dominating surfaces of undoped
YAG as well as Nd-doped YAG with segregated dopant ions at
the surfaces. Terminations signify surfaces cleaved along the
same direction but at different depths in the crystal unit cell. In
equilibrium, only the lowest energy termination will appear.
This is the case for the Wulff construction, which describes the
equilibrium morphology of a powder particle. In a nonequilib-
rium situation, however, higher energy terminations may also
appear. The data given by the atomistic simulations can be used
in this sense to approximate a nonequilibrium powder particle,
assuming that every termination along every direction contrib-
utes to the total surface area of the particle proportional to the
inverse of its surface energy as given by
Ai ¼ A g
"1
iP
j g
"1
j
(3)
This extension of the Wulff construction gives, under the hy-
pothesis that the selection of calculated surfaces is representa-
tive, a good approximation of a nonequilibrium situation. It
should be noted that in the present model, no assumption is
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made on how the surfaces are arranged. One can, however,
imagine a situation such as surface faceting, where a certain
macroscopic surface plane is made up by smaller facets of less
energetic surfaces.
The population of interfaces in a microstructure can be de-
scribed in exactly the same way. The interface area of the rhom-
bic dodecahedron can be assumed to be made up of either only
the lowest energy terminations of each type of grain boundary
or of all of them, for both situations again in proportion of their
inverse interfacial energy as given by Eq. (3).
Based on the volume and surface/interface information pro-
vided by the above models, Eq. (4) allows us to calculate the
number of yttrium ions per particle/grain NY, by knowing the
number of yttrium ions in the crystallographic unit cell
NY,UC5 24 and its volume VUC5 1.697 nm
3:
NY ¼ V NY;UC
VUC
(4)
The number of neodymium ions per particle/grain NNd is
linked to NY by the nominal bulk dopant concentration xb,nom
as given by
NNd ¼ xb;nomNY (5)
From the atomistic simulations,14,15 the interface concentra-
tion of neodymium ions cNd,i (ions/nm
2) is known, which allows
the total number of dopant ions segregated at surfaces/interfaces
NNd,seg to be calculated, by knowing the respective surface areas
of all crystallographic terminations:
NNd;seg ¼
X
i
AicNd;i (6)
The sum is calculated over the surfaces/interfaces, which ap-
pear as given by the equilibrium and nonequilibrium models
considered above.
Based on these quantities, it is possible to calculate the frac-
tion of segregated Nd ions xseg, the effective bulk dopant con-
centration xb,eff, and the depletion of the bulk xdepl as given by
equations
xseg ¼ NNd;seg
NNd
(7)
xb;eff ¼ NNd "NNd;seg
NY
(8)
xdepl ¼ xb;nom " xb;eff (9)
(2) Optical Model
A model describing the real inline transmittance (RIT) of bire-
fringent ceramic materials has been established by Apetz and
van Bruggen.16 This model can be adapted to describe the case of
a nonbirefringent ceramic having a local variation of the refrac-
tive index due to dopant segregation in a region close to the grain
boundary. The basic equation describing the RIT (Eq. (10)) is
the same as in the original paper by Apetz and van Bruggen:
RIT ¼ ð1" RsÞ expð"mdÞ (10)
The thickness of the sample is given by d, m is the scattering
coefficient of the microstructure considered, and Rs gives the
fraction of light reflected at the surface as defined by the per-
pendicular total Fresnel reflectance:
Rs ¼ 2R
0
1þ R0 ; R
0 ¼ n" 1
nþ 1
" #2
(11)
The microstructure is described as spherical grains embedded
into a matrix of different refractive index. For the purpose of
this paper, the matrix is assumed to have a grain boundary re-
fractive index, whereas the grains all have the refractive index of
the pure YAG phase. The volume fraction of the pure YAG
phase xpure is calculated as given by Eq. (12), where r is the grain
radius (half the grain size) and h is the thickness of the segre-
gated layer at the grain boundary, as obtained by the atomistic
simulations14,15:
xpure ¼ 1" xgb ¼ Vpure
Vgrain
¼
4
3pðr" hÞ3
4
3 pr
3
¼ 1" h
r
" #3
(12)
The scattering coefficient of such a microstructure is then
given by Eq. (13), where Csca is the scattering cross section of a
sphere of radius r and refractive index ngrain embedded in a me-
dium with refractive index ngb, which is calculated using Mie
theory19:
m ¼ xpure 1
Vgrain
Csca ¼ 1" h
r
" #3 1
4
3 pr
3
Csca (13)
In this model, the volume fraction of the pure phase is larger
than the theoretical maximum of 74% possible for spheres in a
hexagonal close-packed array. This is possible because the scat-
tering model considers no overlap of spheres as the scattering is
calculated for an isolated sphere. The present approach is, there-
fore, valid to calculate the scattering in presence of a smaller
fraction of grain boundary phase than the fraction of empty
space in a hexagonal close-packed array of spheres.
III. Results and Discussions
(1) Segregation
The relevant results of the atomistic simulation studies,15 which
are used in the present study are summarized in Table I. It can
be seen that the calculated surfaces and grain boundaries span a
large range of interfacial energies and also show large interfacial
areas of up to 3.5 nm2 for the (112) case. The collection of in-
terfaces can, therefore, be considered as a reasonably represen-
tative selection of the surfaces and grain boundaries present in
real powders and ceramics.
It can be seen from the cNd columns that while all surfaces
can accommodate Nd-dopant ions to a certain extent, there
are grain boundaries that do not accommodate any Nd ions.15
By looking at the grain boundary energies g, it can be seen that
the boundaries that do not accommodate dopant ions are the
ones with a very low energy, and thus has a higher probability
of occurring in a microstructure. It should be noted that in
these calculations,14,15 the spatial extent of the region enriched
with dopant ions due to segregation is observed to be of the
order of 1nm, which is significantly smaller than experimental
values.20 One has to consider, however, the effect of the peri-
odic boundary conditions in conjunction with the relatively
small lateral extent of the simulation cells used in these calcu-
lations (1–2 nm), which leads to a rapidly increasing effective
dopant ion concentration. While in an experiment, low-
dopant ion concentrations may still lead to favorable accom-
modation further from the grain boundaries, these low
concentrations are not attainable with today’s simulation
tools and computers. On the other hand, resolution limita-
tions may result in a broadening of the experimentally mea-
sured enriched widths.
In order to evaluate this selective segregation effect within
powders and ceramics, the interfacial energies and concentration
in Table I have been used in the microstructural model described
above. In a first step, the results for powders will be shown and
discussed followed by the ones for ceramics.
Figure 1 shows in the top half, the percentage of Nd ions
segregated to surfaces as a function of the powder particle di-
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ameter. On the left side (Fig. 1(a)), the equilibrium model based
on the Wulff equilibrium morphology is shown, whereas the
right side (Fig. 1(b)) gives the results for the nonequilibrium
case. In general with a decreasing particle size, an exponentially
increasing proportion of dopant ions are found at the particle
surfaces. It is interesting to note that in the case of a nominally
1 at.% doped powder at very small grain sizes of around 100
nm, the proportion of segregated Nd ions reaches 100% for
both situations. This would mean that no dopant ions are lo-
cated in the bulk of the powder particle but only at its surface.
As the nominal dopant concentration increases to 2, 4, and 8
at.%, the fraction of dopant ions at the surface is reduced and
reaches values of maximally 20% at 8 at.% nominal Nd con-
centration for particle sizes of 100 nm. Comparing the equilib-
rium and nonequilibrium situation, it can be seen that for all
concentrations at a given particle size, the proportion of segre-
gated dopant ions is larger for the equilibrium case than for the
nonequilibrium case.
The bottom half of Fig. 1 shows depletion (decrease in bulk
concentration) due to segregation effects. A value of "0.5%
means that the effective bulk dopant concentration is 0.5% be-
low the nominal one i.e. at 3.5 at.% for the nominally 4 at.%
doped powder. It can be seen that the depletion is virtually in-
dependent of the nominal dopant concentration in the equilib-
rium case (Fig. 1(c)) except for the 1 at.% case, where a full
depletion is reached at particle sizes smaller than 100 nm. At
small particle sizes around 100 nm, the effective bulk concen-
tration of dopant ions can drop by up to 1.5 at.%. In the non-
equilibrium case, one can see a dependence of the depletion on
the nominal dopant concentration, as a function of the particle
size. The lower the nominal concentration, the higher is the de-
pletion of the bulk. This can be explained by the fact that in the
equilibrium case, the interfacial concentration of the lowest en-
ergy surface terminations occurring is generally very high with
values around 2.5–3.5 nm"2. In the nonequilibrium case also,
surfaces with only 1 nm"2 appear, which leads overall to a
smaller capacity of the powder surface to accommodate dopant
ions. This means that at higher nominal doping concentrations,
saturation of the surfaces will be attained and more dopant ions
remain in the bulk. It has to be noted that the present model does
not take into account the formation of second phase precipitates,
which may occur at high surface dopant concentrations.
Table I. Summary of the Previously Published15 Atomistic
Results Used in this Work
Plane Cut
Surface Grain boundary
g (J/m2) cNd (nm
"2) g (J/m2) cNd (nm
"2)
Undoped Doped Doped Undoped Doped Doped
(100) 1 2.32 2.24 2.11 2.09 1.97 4.93
2 1.81 1.77 2.82 1.93 1.73 2.82
3 2.31 2.26 3.52 3.26 2.81 3.52
4 2.40 1.94 2.82 2.95 2.52 5.63
5 1.91 1.86 2.11 2.84 2.82 1.41
(110) 1 2.43 2.23 2.49 1.41 1.31 1.99
2 2.36 2.33 1.00 1.79 1.61 2.99
3 2.75 2.25 2.49 0.82 0.82 0.00
4 2.61 2.49 1.00 2.52 2.52 0.00
5 2.67 2.47 1.99 2.31 2.31 0.50
6 3.05 2.28 1.00 1.23 1.10 0.50
(111) 1 2.33 2.33 1.22 1.90 1.78 4.07
2 2.25 2.11 3.66 1.78 1.73 1.22
3 2.92 2.59 2.03 2.38 2.28 2.44
4 2.48 2.21 2.85 3.49 3.43 2.44
5 2.39 2.18 1.22 3.08 2.94 4.07
6 2.76 2.68 2.03 3.36 3.32 2.03
7 2.95 2.83 2.44 3.13 2.93 3.66
(112) 1 2.36 2.22 2.58 1.65 1.65 0.00
2 2.61 2.52 2.29 2.70 2.54 0.86
3 2.50 2.36 2.87 2.86 2.80 0.86
Given are the interface energies (g) in the undoped and doped case as well as the
concentration of dopant Ions at the interface (cNd) for the doped surfaces and
grain boundaries.
Fig. 1. The fraction of segregated dopant ions at 1, 2, 4, and 8 at.% nominal dopant concentration for (a) the equilibrium powder case and (b) the
nonequilibrium powder case. The resulting depletion of the bulk is shown in (c) for the equilibrium case and (d) for the nonequilibrium case.
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In Fig. 2, the results of the calculations for a ceramic micro-
structure are shown. For ceramics, the same general trends for
the dependence on both grain size and nominal doping concen-
tration are observed as for powders. Comparing these results
with the ones for powders, it is interesting to note that while for
the powder, the fraction of segregated dopant ions is slightly
larger in the equilibrium case, the opposite is observed in a ce-
ramic microstructure, where the equilibrium model shows a sig-
nificantly lower proportion of segregated dopant ions. The
origin for this behavior can be found in the fact that two of
the low-energy grain boundaries (110) and (112) do not accom-
modate any dopant ions, which will result in a very low overall
dopant accommodation in the equilibrium microstructure. On
the other hand, for the nonequilibrium ceramic, dopant segre-
gation proportions are about as high as for the powders. This is
also reflected by the depletion of the bulk, where for the equi-
librium case only a very small reduction of the nominal dopant
concentration is observed, whereas in the nonequilibrium case,
the reduction is much larger and also very dependent on the
nominal dopant concentration.
(2) Luminescence and Transparency
So far, the segregation of Nd-dopant ions in YAG powders and
ceramics has been described without taking into consideration
the effects this segregation may have on the properties of such a
material in laser applications. In the following, two possible
effects will be outlined and analyzed.
Nd-dopant ions in YAG have to have a very specific crystal
environment21 in order to present the precise energy levels re-
quired for laser emission. It will not be discussed here whether
sites with this specific environment can be found close to sur-
faces or grain boundaries because the following consideration
will show that the requirement for such sites is irrelevant. The
concentration of dopant ions in a grain boundary as calculated
by the atomistic methods within the enriched layer is locally
18 at.% and more. It is well known that with increasing con-
centration of the luminescent dopant ions, their luminescence
lifetime is decreased, an effect commonly referred to as ‘‘con-
centration quenching.’’22 The data in Dong et al.22 show that for
an increase from 1 to 3 at.% Nd concentration, the lumines-
cence lifetime is reduced by half. For much higher local con-
centrations predicted by atomistic simulations in the enriched
layer, a much more severe reduction can be expected rendering
the dopant ions inactive with respect to laser emission. This
means that one will want to have a minimal concentration of
dopant ions at the grain boundary, as these ions have a low lu-
minescence and will not significantly contribute to laser emis-
sion. This local concentration quenching effect in the grain
boundary was recently seen in an experiment.20 With respect
to the data shown in Figs. 1 and 2, this would mean that for a
powder, the nonequilibrium situation is slightly more favorable,
whereas for the ceramic, it is clearly the equilibrium case, which
will maximize the effective bulk concentration and thus lumi-
nescence. In general, for larger particle and grain sizes, the lower
interface volume fraction will lead to less quenched Nd-dopant
ions, and therefore a higher luminescence.
From the above discussion, it can be seen that increasing the
nominal doping concentration can be a solution to retain a high
effective dopant concentration in laser ceramics. The resulting
accumulation of dopant ions at the surfaces and grain bound-
aries can, however, have the effect of slightly changing the re-
fractive index in the enriched layer. These changes can lead to
light scattering and deteriorate the high optical transparency re-
quired for laser applications, as discussed in.20 This effect has
been investigated by using the optical model described earlier.
A thickness of the enriched layer at the grain boundary of
0.5 nm has been considered, which is a good average of the val-
ues observed in the atomistic calculations.15 In order to get a
rough idea of the change in refractive index to be expected, at-
omistic calculations for a bulk unit cell with an increasing num-
ber of Nd ions substituted for Y have been performed using the
GULP23,24 code with Lewis and Catlow25 potentials. This po-
tential set includes a core–shell model26 for oxygen and can,
therefore, to a certain degree take into account polarization and
consequently variations of the dielectric constant and refractive
index. Details about the atomistic method can be found else-
where.14 While this is a good first approximation, quantum me-
chanical methods would certainly provide a more reliable
results, however, at a much higher computational cost. This
Fig. 2. The fraction of segregated dopant ions at 1, 2, 4, and 8 at.% doping rate for (a) the equilibrium ceramic case and (b) the nonequilibrium ceramic
case. The resulting depletion of the bulk is shown in (c) for the equilibrium case and (d) for the nonequilibrium case.
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cost may not be worth paying because even if the absolute mag-
nitude of the refractive indices calculated might have a low ac-
curacy, the optical model only depends on the relative difference
in refractive indices. Figure 3 shows that the evolution of the
refractive index with increasing Nd concentration follows a de-
creasing linear trend. Average interface dopant fractions found
in the enriched layers calculated are 0.11–0.26 for the equilib-
rium and nonequilibrium case.15 This means that the grain
boundary will have a deviation in the refractive index between
"0.0035 and "0.0069. These values are slightly higher than
those found in previous discussions.20 In the following calcula-
tions, a grain refractive index of 1.597 and grain boundary re-
fractive indices ranging from 1.590 to 1.597 (pure YAG) have
been used to evaluate the effect of the degree of segregation on
the transparency.
For laser applications, it is interesting to calculate the RIT for
a typical wavelength for the laser emission (1065 nm) as well as
in the visible range (640 nm). Figure 4 shows the evolution of the
RIT as a function of grain size for these two wavelengths con-
sidering a sample thickness of 0.8 mm. It can be seen that the
reduction in the transparency of the material is more severe in
the visible range, however, still not negligible at the infrared la-
ser wavelength. For both cases even at a very low refractive in-
dex change of 0.001, a reduction of 20% and 40%, respectively,
is found at large grain sizes of about 10 mm. As the grain sizes
decrease toward into the submicrometer range, the loss in trans-
parency reduces rapidly and should be negligible for nano-
ceramics below 100 nm at either wavelength, even for high
interfacial dopant concentrations.
The data obtained from the optical model show that for a
given interfacial concentration, smaller grain sizes are favorable
for best transparency. This is in contrast to the data obtained
from the microstructural model, which show that for smaller
grains, the laser efficiency is reduced due to quenched lumines-
cent dopant ions at the grain boundaries. For optimal laser per-
formance, both transparency and high luminescence are
required. According to the present model, both cannot be max-
imized simultaneously, which means that an optimal laser per-
formance should be realized at an intermediate grain size, which
gives the best trade-off between transparency and luminescence.
(3) Ceramic Production Route
In the preceding paragraphs, the state of the initial powder and
the final sintered ceramic has been discussed with respect to lu-
minescence and transparency, without considering how the
powder and ceramic are produced. The terms equilibrium and
nonequilibrium have so far been used only to characterize the
population of interfaces found on a powder or in a ceramic,
without linking them to a certain experimental situation. In an
experiment, an equilibrium powder would be at or close to its
Wulff morphology, which is usually found for powders precip-
itated at low growth rates or obtained by a hydrothermal treat-
ment.27 A nonequilibrium powder would be formed without
giving sufficient time and/or temperature for its morphology to
equilibrate such as by a flame method or milling. On the other
hand, for dense ceramics the degree of equilibrium will be de-
termined by the time given for the microstructure to evolve. In
this respect, a nonequilibrium ceramic is more likely to be pro-
duced by a fast sintering method such as spark plasma sintering
(SPS),28 whereas a conventionally sintered ceramic with an iso-
thermal hold at high temperature29 will be closer to equilibrium.
One can now analyze the processing routes where one starts
from an equilibrium or nonequilibrium powder and sinters it
either slowly or quickly. Although simplistic, this approach gives
valuable information on the effect a chosen production route
will have on the laser performance.
(1) In the case of a nonequilibrium powder that is sintered
rapidly, the amount of dopant ions at the interface is about the
same in the powder and ceramic state. This means that the do-
pant ions do not have to migrate in order to be accommodated
in the ceramic, greatly reducing the risk of precipitate formation.
The presence of a large number of high-energy surfaces in the
powder can lead to grain growth, which is, however, limited by
the short sintering time. A ceramic produced in this way would
be expected to have a moderate size grains and a high number of
quenched dopant ions at the grain boundaries. This means that
both transparency and luminescence are expected to be low.
(2) When a nonequilibrium powder is sintered slowly, a sig-
nificantly smaller number of dopant ions can be accommodated
Fig. 3. Evolution of the refractive index as a function the surface frac-
tion in Nd.
Fig. 4. Real inline transmittance (RIT) as a function of the grain size
for (top) a laser wavelength of 1065 nm and (bottom) a visible wave-
length of 640 nm evaluated for grain boundary refractive indices ranging
from 1.590 (25% interface dopant fraction) to 1.597 (pure YAG).
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in the ceramic, compared with the powder. This means that
there is a risk of a second phase formation unless the dopant
ions can diffuse back to the bulk. Also, the high-energy surfaces
combined with the long sintering time can lead to extensive grain
growth. The resulting ceramic will, therefore, have a rather
coarse microstructure; however, only very few dopant ions are
quenched at grain boundaries. This leads to low transparency
but high luminescence.
(3) For the situation where an equilibrium powder is sintered
slowly, dopant ion relocation is required if second phase precip-
itation is to be avoided. Grain growth is expected to be moderate
even if the sintering time is long as only low-energy surfaces are
present. A high number of dopant ions are found in the bulk and
active for laser emission. While the transparency is still expected
slightly less than optimal, luminescence should be high.
(4) Finally, in the case of an equilibrium powder sintered
rapidly, limited dopant diffusion is required and the risk for
second phase formation should be low. Grain growth is limited
by both low-energy powder surfaces and short sintering times.
However, a significant fraction of dopant ions are predicted to
be found at the grain boundaries. A very high transparency re-
sults, however, at the cost of a small reduction in luminescence.
The situations discussed above present extreme cases, exper-
iments normally being located in between and the magnitude of
the effects also depending on the nominal Nd concentration. It
is, however, possible to state that a slower sintering (more equi-
librium) will favor luminescence, whereas a more equilibrium
powder will lead to increased transparency (less grain growth).
An approach with close to equilibrium powders and a rather
slow sintering would lead to the best laser properties; however,
good results should also be possible with equilibrium powders
and fast sintering methods.
Another possible processing route, which is not specifically
included in the above, would be to use powders obtained from
coprecipitation or other low-temperature methods, having the
advantage of inhibiting segregation. However, powders pro-
duced by these low-temperature routes rarely form the ceramic
phase directly and often require either a heat treatment or a
longer sintering cycle for the phase transformation to take place.
And although segregation may be less important, it will not be
completely inhibited. These powders may, therefore, have a
slight advantage in terms of the amount of dopants to be relo-
cated during slow sintering but the results will strongly depend
on the degree of intermixing of the primary phases and thus the
temperatures and times required for the formation of the YAG
phase.
It is interesting to note that experiments13 reported a strong
concentration dependence of the luminescence for ceramics but
not for powders. Their powders produced by the Pechini
method should be close to equilibrium, whereas their high-
pressure–low-temperature-sintered ceramics can be expected
not to be in equilibrium. This experimental data, therefore,
seem to support the microstructural model predictions, where
almost no concentration dependence of the depletion is observed
for the equilibrium powder but it is present for the nonequilib-
rium ceramic. While the proposed model seems to capture cer-
tain experimentally observed trends, a complete validation is still
impossible as systematic grain-size-dependent data are yet un-
available. The present work should, nevertheless, allow a more
fundamental understanding of the performance-affecting effects
in Nd:YAG laser ceramics, leading to more focused research
and faster progress in the development of this new class of laser
materials.
IV. Conclusion
This work applies two separate models to assess the expected
performance of ceramic lasers as a function of microstructural
and processing parameters. Microstructural modeling predicts
that luminescence and therefore laser power should increase
with increasing grain size, whereas optical modeling shows that
transparency is higher at lower grain sizes. Therefore, in an ex-
periment a tradeoff between these two effects has to be found to
maximize laser performance, which strongly depends on both
transparency and luminescence.
It has also been predicted that the processing route can in-
fluence both transparency and luminescence, by modifying the
microstructure. While a starting powder approach equilibrium
may reduce grain growth and therefore increase transparency,
longer sintering times would limit segregation effects and in-
crease the number of dopant ions active for laser emission and
therefore the luminescence.
The present work opens the path to a new understanding of
Nd:YAG laser ceramics and their production, which will help in
the experimental optimization of this new class of materials.
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